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SUMMARY
An investigation has been made at Mach numbers of 1.61 and 2.01 to
examine the characteristics of a series of nine spoiler-type controls on
a trapezoidal wing having the leading edge swept back 25 °, an aspect ratio
of 5.1, and a taper ratio of 0.4. Pressure-distribution measurements
were made at angles of attack from -15 ° to 15° and the Reynolds number
of the tests was 5.6 × l06 with boundary-layer transition fixed near the
wing leading edge. The results of the tests indicated that the incre-
mental pressure distributions due to the spoiler were in excellent agree-
ment with previous flat-plate results as long as the spoiler was not
located too close to a break in the wing surface or to the wing tip. The
effect of angle of attack on the pressures measured ahead of the spoiler
could be predicted fairly well by a pressure-rise correlation. Angle of
attack had little effect on the pressures measured downstream of the
spoiler. Deflecting a full-span trailing-edge flap-type control behind
a full-span spoiler had no effect on the pressures measured ahead of the
spoiler but had a large effect on the pressures behind the spoiler, par-
ticularly when the control deflection was toward the spoiler. The
effectiveness of the spoiler in reducing the wing lift and bending
moment was generally increased by rearward movement of the spoiler,
increasing the spoiler span, increasing the gap behind the spoiler, or,
at negative angles of attack, by decreasing the Mach number. The incre-
mental pitching moment due to the spoiler became more negative with for-
ward movement of the spoiler or by decreasing the gap behind the spoiler,
and, at negative angles of attack, by increasing the spoiler span or
decreasing the Mach number.
INTRODUCTION
As part of a general program of research on controls, an investiga-
tion is under way in the Langley 4- by 4-foot supersonic pressure tunnel
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to determine the important parameters in the design of controls for use
on a trapezoidal wing at supersonic speeds. Someresults of the tests
madethus far have been reported in references 1 to 3 showing the con-
trol effectiveness, hinge-moment, chordwise pressure-distribution, and
spanwise-loading characteristics for a series of flap-type trailing-edge
controls on a trapezoidal wing having the leading edge swept back 23°, an
aspect ratio of 3.1, and a taper ratio of 0.4.
In order to investigate the effect of spoilers on the flow and force
characteristics of the trapezoidal wing of references 1 to 3, a series of
nine spoilers having variations in height, span, sweep, and chordwise
location were tested. The wing angle-of-attack range for these tests
was from -15° to 15° and for someof the tests, a full-span flap-type
control was deflected up to ±20°. The tests were conducted at Machnum-
bers of 1.61 and 2.01 for a Reynolds number of 3.6 × lO6, based on the
wing meanaerodynamic chord of 11.72 inches, and turbulent boundary layer
was assured by fixing transition near the wing leading edge. This report
will present the chordwise pressure distributions, spanwise loadings,
and the integrated spoiler-effectiveness variations for these spoiler
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This investigation was conducted in the Langley 4- by 4-foot super-
sonic pressure tunnel, which is a rectangular, closed-throat, single-
return type of wind tunnel with provisions for the control of the pres-
sure, temperature, and humidity of the enclosed air. Flexible nozzle
walls were adjusted to give the desired test-section Mach numbers of 1.61
and 2.01. During the tests, the dewpoint was kept below -20 ° F at atmos-
pheric pressure so that the effects of water condensation in the super-
sonic nozzle were negligible.
Model
The wing model used in this investigation was the same as that used
in the tests of references 1 to 3. The basic wing had a leading edge
swept back 23° , a root chord of 15.88 inches, a tip chord of 6.17 inches,
a semlspan of 17.02 inches, and a mean aerodynamic chord of 11.72 inches.
The wing section was a modified hexagon having a constant ratio of local
thickness to local chord of 4.5 percent. The flat midsection extended
from the 30-percent chord to the 70-percent chord and the corners Joining
the flat midsection to the leading- and trailing-edge wedges were rounded
to a 22.5-inch radius. The full-span control configurations 4 and 6 of
references 1 to 3 were used during this investigation. Configuration 4
had a sharp trailing edge and configuration 6 had a blunt trailing edge.
Both of these controls had unswept hinge lines located at the 74.6-percent-
chord line, and a hlnge-llne gap of O.01 inch (0..08 percent mean
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aerodynamic chord). For one test with configuration 4, the hinge-line
gap was increased to 0.20 inch (1.71-percent meanaerodynamic chord) by
moving the control and hinge line rearward.
Sketches of the nine spoiler configurations are shownin figure 1.
The spoilers were constructed of 1/16-inch stock brass, bent at a right
angle to permit fastening to the wing surface. The support leg faced
rearward except for configurations G, H, and I, which were reversed in
order to provide maximumrearward location of the spoiler with respect
to the hinge-line gap or trailing edge. All the configurations had a
height equal to 5 percent of the meanaerodynamic chord except for con-
figurations F and i, for which the heights were 5-percent local chord and
2-percent meanaerodynamic chord, respectively. Configurations C, D,
and E were basically the samespoiler with successive portions of the
spoiler tips being removed. Configurations G and H were identical
except for the enlarged hinge-line gap on configuration H.
The wing was constructed of steel, and the pressure-tube instal-
lations were madein grooves in the surface which were faired over with
a transparent plastic material. The 144 to 169 pressure orifices were
located at five spanwise stations as shownin figure 1. The chordwise
locations of the surface pressure orifices are listed in table 1. All
screw holes and pits were filled with dental plaster and faired smooth.
The semlspanwing was mountedhorizontally in the tunnel from a turntable
in a steel boundary-layer bypass plate which was located vertically in
the test section about lO inches from the side wall.
TESTS
Techniques
The model angle of attack was changedby rotating the turntable in
the bypass plate on which the wing wasmounted. The angle of attack was
measuredby a vernier on the outside of the tunnel, inasmuchas the angu-
lar deflection of the wing under load was negligible. The control deflec-
tions on the full-span trailing-edge control were set with the aid of an
electrical control-position indicator mounted inside the wing at the hinge
line and were checked with a cathetometer mounted outside the tunnel. The
pressure distributions were determined from photographs of the multiple-
tube manometerboards to which the pressure leads from the model orifices
were connected. Configuration I had pressure orifices on both upper and
lower surfaces of the wing and control. The remaining configurations did
not have orifices on the lower surface of the control.
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Rangeof Conditions
All the configurations were tested for an angle-of-attack range
from -15° to 15° for a control deflection of 0°. Configurations A, B,
C, H, and I were also tested for a few control deflections up to _20°.
The tests were madeat tunnel stagnation pressures of 13.0 and 15.1
pounds per square inch absolute at Machnumbersof 1.61 and 2.01, respec-
tively, corresponding to a Reynolds numberof 3.6 × 106 based on the wing
meanaerodynamic chord. In order to insure a turbulent boundary layer
over the model during the tests, 3/16-inch-wide strips of No. 60 carbo-
rundumwere attached to the wing upper and lower surfaces at a distance
of 1/4 inch from the leading edge. These strips completely spanned the
model except within i/4 inch of the orifice stations.
PRECISI0N OFDATA
The meanMachnumbers in the region occupied by the model are esti-
mated from calibrations to be 1.61 and 2.01 with local variations being
smaller than ±0.02. There is no evidence of any significant flow angu-
larities. The estimated accuracies in setting the wing angle of attack
and control deflection are ±0.05° and ±0.i °, respectively. The basic
measuredquantity Cp is believed to be accurate to ±0.01.
RESULTSANDDISCUSSION
Pressure Distributions
Basic distributions.- Selected upper-surface pressure distributions
at the five spanwise stations for the basic configurations without spoil-
ers are presented in figure 2 and for the configurations with spoilers
in figure 3. The distributions are shown for angles of attack of 0°,
±6 °, and ±12 °, the full-span control being undeflected. Distributions
were actually obtained for angles of attack from -15 ° to 15 ° at 3° incre-
ments. The complete tabulated data for these tests are presented in
tables 2 to ii. In figure 3, the spoiler-off curves are repeated as
dashed lines so that the effect of the spoiler becomes readily apparent.
The spoiler location at each station is denoted by the vertical long-
dashed line.
In general, the changes in pressure distribution due to the spoiler
are the same as have been shown in previous pressure tests (that is,
refs. 4 to 8). Some distance ahead of the spoiler, flow separation
causes a rapid pressure increase followed by an area of relatively
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constant pressure up to the spoiler face. At the spoiler, a rapid accel-
eration of the flow results in a negative pressure peak which in turn is
followed by a recompression of the flow in which the pressure approaches
that for the spoiler-off configuration at somedistance downstream. Due
to the fact that the pressure orifices were generally located along lines
of constant percent chord and the spoilers were not so located, it was
impossible always to provide an orifice immediately ahead of the spoiler
base. Such an orifice would be required to pick up the secondary pressure
rise oeeurring because of the stagnation of the circulatory flow in the
separated region. (See ref. 5-)
As the wing angle of attack is decreased and the local Machnumber
is decreased, the separation point movesslightly forward and the initial
pressure rise increases. (See fig. 3.) The forward movementof the sep-
aration point with decreasing Machnumberwas shownin reference 9 and
indications are that the movementis greater as the supersonic local Mach
numberapproaches unity. This movementof the separation point would
tend to makethe separation angle less and thus would reduce the pressure
rise. A decrease in local Machnumberfor a given separation angle,
however, tends to increase the pressure rise. Apparently, the pressure
rise due to the change in separation angle for these conditions is small
as comparedwith the pressure rise due to the Machnumber change.
Immediately downstreamof the spoiler, there is little change of
the pressures with changes in angle of attack. In all cases, the accel-
eration at the spoiler approaches the vacuumpressure, which is
Cp = -0.35 at M_ = 2.01 and Cp = -0.55 at M_= 1.61. Further down-
stream, the recompression is muchgreater at the negative angles of attack
as might be expected due to the higher pressure from which the initial
disturbance started and to which the flow tends to return.
In reference 9, it was shownthat the pressure distributions over
spoilers on a flat plate were almost identical whenplotted so that the
chordwise distances were based on spoiler height. Because of the three-
dimensional nature of the flow over the spoilers on the wing in the pres-
ent tests, such a correlation would not necessarily be expected. Exam-
ination of the pressure distributions for configuration F (fig. 3(f)),
however, shows similar loadings due to the spoiler at all stations except
for the _ = -12° condition where leading-edge shock detachment causes
an additional effect at the outboard stations. Since this configuration
has a spoiler height of 5 percent of the local chord and the pressure
distributions are based on the local chord, comparison of the distribu-
tions at various stations is the sameas if the plots were based on
spoiler height. The spanwise effects that do showup in figure 3 that
cannot be accounted for on a spoiler-height basis maybe attributed to
the wing-tip vortex at station 8 and to the boundary layer on the bypass
plate at station 1.
Comparison with flat-_late results.- A comparison of the increments
in surface-pressure coefficient 2_p generated by the presence of the
spoiler on the wing with the pressure-coefficient increments induced by
the same height spoiler on a flat plate (configuration 3 of ref. 5) is
shown in figure 4. An angle of attack of 0 ° was chosen for this illus-
tration because, at this angle, the local Mach number on the flat mid-
section of the wing is near the free-stream value and the effect of the
spoiler can be compared with available flat-plate data at equal local
Mach numbers. To simplify the comparison further, the pressure-increment
distribution has been plotted as a function of the distance ahead of or
behind the spoiler in spoiler heights. The dashed vertical lines indi-
cate the relative position of the wing spoiler to the wing leading and
trailing edges and to the 0.5- and 0.7-chord points where the corners in
the wing surface occur due to the intersection of the leading- or
trailing-edge wedges with the flat midsection.
The results of figure 4(a) indicate that, for the full-span unswept
spoiler configuration G, the agreement with the flat-plate results of
reference 5 is excellent except for the tip station (station 8). At
this station, the present tests indicate both a decrease in the pressure
rise and a decrease in the chordwise extent of the pressure increase as
compared with the two-dimensional flat-plate pressures. This effect is
ascribed primarily to spillage around the spoiler and wing tips. The
reason for the expansion just ahead of the spoiler at this station is
not known but, on the basis of figure 5(a) in reference 5, appears to
be a consequence of the flow phenomenon about the spoiler tip alone.
The expansion and compression behind the spoiler were not affected to
any extent by the proximity of station 8 to the wing and spoiler tips.
Another observation of interest is that the flow behind the spoiler is
apparently independent of the relative position of the wing trailing
edge, the viscous wing wake and flow from the other side of the wing
effectively providing the same sort of barrier to the upper surface flow
as that provided by the wing itself.
The results presented in figure 4(b) indicate that, when the spoiler
is located so as to cause boundary-layer separation ahead of a corner in
the wing surface, the agreement between the present results and those of
the flat-plate investigation is no longer good. In general, there is a
tendency for the pressure distribution to become more triangular and for
the pressure rise to become greater. The greater pressure rise may be
due in part to the lower Mach number prevailing at the separation point.
Behind the spoiler_ however, the existence of a corner in the wing sur-
face is of no apparent significance.
At angles of attack, of course, the local Mach numbers on the upper
and lower wing surfaces change from the free-stream value and a direct
comparison is no longer possible. An empirical method can, nevertheless,
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be used to correlate the pressures aheadof the spoiler with those of
reference 5- Briefly, the correlation procedure consists of taking, at
an angle of attack, the increment in pressure coefficient existing
between any point in the separated flow region and the pressure coeffi-
cient at the point of separation and correcting this increment from the
local Machnumberat the separation point to the Machnumberat which
the correlation is desired. The local Machnumberwas computed from the
local static pressure, negligible loss in entropy due to the wing
leadir_-edge shock being assumed. The correction factor is obtained by
assuming that all pressure-coefficient increments within the region are
increased or decreased in the sameproportion as the first-peak pressure-
rise ratio and _ _ .............. e change in peak pressure-rise ratio _T_+_local
Machnumberfollows the theoretical predictions of reference lO for the
separation of a turbulent boundary layer. This prediction is plotted
in figure 5 and is comparedwith the first-peak pressure-rise ratios
determined at station 4 on configurations C and G at various local Mach
numbers (angles of attack). The agreement is shownto be good for both
configurations and at both test Machnumbers. In equation form, the cor-
rected pressure-coefficient increment is given by
P2
Z_Cp,corr. = ICp,x - Cp,s)I_IMI__M s <_Ml=M
For these tests, it was further assumedthat the separation-point loca-
tion was not affected by moderate changes in local Machnumber, although
for cases where the movementof the separation point maybe of importance,
it can be accounted for by "stretching" or "shrinking" the separated-
flow region according to the indications of figure 5 in reference 9.
Somecorrelation results obtained with the procedure described above are
illustrated in figure 6 for values of M= of 1.61 and 2.01. Also plotted
in figure 6 are the actual pressure coefficients for the flow behind the
spoiler.
In general, the agreementbetween the corrected pressure-coefficient
increments and the flat-plate data of reference 5 is very good. At high
positive angles of attack, there is sometendency for the corrected incre-
ments to be somewhatlow, possibly because of the increased thickness
of the boundary layer on the upper wing surface resulting from the high
local Machnumbers. At high negative angles, the agreement again tends
to break down for the tests at M_ = 1.61 because the local Machnumber
is so low that shock-detachment effects are being superimposed over the
usual separation effects.
Behind the spoiler, the mechanismcontrolling the expansion is not
the sameas that controlling the separation and, hence, the correlation
procedure described for the flow aheadof the spoiler cannot be applied.
Also, from figure 3, it can be seen that there is a considerable change
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in the incremental pressures due to the spoiler with changes in a. As
noted previously, however, and shownagain in figure 6, the actual pres-
sure coefficients are only slightly affected by a, the most notable fea-
ture being the decreased rate of compression at high positive angles of
attack and an increased rate at high negative angles as comparedwith
the flat-plate results.
Effect of configuration changes.- Comparison of the pressure dis-
tributions for configurations B, C, and G (fig. 3) shows the effect of
rearward movement of the full-span spoiler. The rearward shift in the
spoiler causes essentially a rearward shift of the incremental pressures
due to the spoiler, as might be expected, with some modifications due to
the airfoil thickness distribution as discussed in the previous section.
In an attempt to show the effect of spoiler sweep on the pressure
distributions, the distributions for configurations A and B at station 7
and configurations A and C at station 8 are compared in figure 7. These
stations and configurations were chosen so that the spoiler chordwise
location would be identical in either the swept or unswept case. Of
course, using station 8 introduces additional complications due to the
wing-tip vortex; however, a rough assessment of the sweep effect can be
made. Over most of the range, the change in sweep from 0° to 23 ° caused
an increase in the upstream influence of the spoiler and an accompanying
increase in pressure ahead of the spoiler. This effect was noted previ-
ously in reference 5 for stations located some distance from the spoiler
apex, as were stations 7 and 8. In the present tests no comparison was
made between a swept and an unswept spoiler located inboard and at approx-
imately the same chordwise positions. The change in pressure distri-
butions along the span shown in reference 5 would indicate that at the
inboard stations an unswept spoiler located at the same chordwise posi-
tion would produce increased pressures over those produced by the swept
spoiler tested herein. The distributions downstream of the spoilers
(fig. 7) do not show any consistent trend due to sweeping the spoiler.
in order to evaluate the effect of removing the portions of the
spoiler tips, the pressure distributions for configurations C, D, and E
are plotted for comparison in figure 8. Configuration C is a full-span
spoiler. Configuration D was obtained by removing the spoiler tips to
within 1/2 inch of stations 3 and 7. Configuration E was obtained by
further removing the spoiler tips to 1 inch beyond stations 3 and 7. At
station 4, the spoiler cutoffs cause little change in the pressures
except in the region ahead of the spoiler at m = -12 °. In reference 8,
it was shown that the spoiler tip effect extended inboard on the spoiler
approximately four spoiler heights and outboard approximately two and
one-half spoiler heights for a trailing-edge type of spoiler at
M_ = 1.86. In the present tests, station 4 on configuration D is approx-
imately 12 spoiler heights distant from the spoiler tips; it therefore
appears that the extent of spanwise influence of the spoiler tips is
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greatly increased as the local Machnumberahead of the spoiler approaches
unity. At stations 3 and 7, the first cutoff causes a reduction in pres-
sures ahead of the spoiler but little changedownstream. Whenthe spoiler
is cutoff beyond these stations, the pressures ahead of and behind the
spoiler location decrease and the acceleration at the spoiler location
becomesmore gradual. Also, the positive and negative pressure peaks
occur at a more rearward position along the chord relative to the spoiler.
At still greater distances from the spoiler tip (stations 1 and 8), these
regions of positive or negative pressure are back still farther so that
the negative pressure region has been swept off the wing and only the
effects of the positive pressure rise are discernible near the trailing
edge.
In order to examine in more detail the pressure distributions
caused by the 5-percent mean-aerodynamic-chord-height spoiler (config-
uration C) and the 5-percent local-chord-height spoiler (configuration F),
figure 9 showsthe incremental pressure distributions due to the spoiler
for these two configurations. Inboard the 5-percent local-chord-height
spoiler tends to give more positive pressures ahead of the spoilers and
outboard the 5-percent mean-aerodynamic-chord-height spoiler tends to
give more positive pressures. Thesechangesare in the direction that
would be anticipated from comparison of the local height differences for
the two configurations. Downstreamof the spoilers there are only small
differences at the inboard stations; however, at stations 7 and 8, the
5-percent mean-aerodynamic-chord-height spoiler produces more negative
pressures than does the 5-percent local-chord-height spoiler.
The effect of increasing the gap behind the spoiler (see fig. i)
from O.O1 inch to 0.20 inch is shownby figure lO to be primarily an
effect downstreamof the spoiler. In every case, increasing the gap
increased the pressure in this region and therefore increased the lift
effectiveness of the spoiler. This change in pressure is in direct
opposition to the change in pressure found to be due to increasing the
gap on the wing without a spoiler in reference 2. The reason for this
difference is not understood at present. Note also that, as the angle
of attack is increased, this pressure changedue to the gap is increased.
Effect of Mach number and control deflection.- The effect of
increasing the Mach number from 1.61 to 2.01 on the incremental pressure
distribution on configuration C is shown in figure ll. As the Mach
number is increased, the magnitude of the pressure-coefficient incre-
ments due to the spoiler is decreased. This is in agreement with the
Mach number effect found in the flat-plate tests of reference 5.
In order to examine the flow characteristics over a full-span
spoiler-flap combination, the pressure distributions have been plotted
_._ ÷_ _i .... r_+_ thein figure i2 for configaration C ..... and wi_ ........ e _ ..... ,
trailing-edge control deflected to -20 °, 0 °, and 20 °, and for angles of
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attack of -6° , 0°, and 6° . The results are similar to those previously
presented in reference 4 on a delta wing; however, the distributions in
these tests are more accurate because of the greater numberof orifices.
Deflection of the control to 5 = _20° had no effect on the pressures
measuredahead of the spoiler. Downstreamof the spoiler, control deflec-
tion causedconsiderable change, especially whenthe control is deflected
toward the spoiler. At positive control deflections, the effect is small
because either the spoiler or control alone tend to makethe pressures
on the control approach vacuumpressure and the superposition of the two
effects causes only secondary changes. At negative control deflections,
however, the effects of the spoiler and of the control are in opposition
so that the net effect of the control deflection appears muchgreater.
The incremental pressures due to the spoiler from figure ]2 have
been plotted in figure 15 to showthe changeswith control deflection or
angle of attack. The pressures measuredahead of the spoiler are inde-
pendent of control deflection (fig. 13(a)) except at a negative angle
of attack with a negative control deflection, where the control alone
caused flow separation at the inboard stations and the increment due to
spoiler is therefore less. Downstreamthe changes in the pressures over
the control due to the spoiler increased as the control deflection
decreased from 20 ° to -20 °. The change in incremental pressures ahead of
the spoiler with angle of attack (fig. 13(b)) is essentially what would
be expected due to the decrease in local Mach number as the angle of
attack is decreased.
Spanwise Loadings
Total loadinss.- The spanwise normal-force and pitching-moment
loadings for the various test configurations, determined by a step inte-
gration of the chordwise pressure distributions shown previously, are
presented in figures 14 and 19. The contribution of the lower surface
pressures to these loadings was determined from the distributions of the
basic configurations without the spoilers (fig. 2). Because of the rapid
changes in pressure along the chordwise rows due to spoiler-induced sepa-
ration and reattachment, and the lack of sufficient orifices in certain
critical areas, it is to be expected that some errors in the section
coeffidlents will exist due to the step-integration procedure. These
errors should tend to average out in the integrations of the spanwise
loadings in determining the total force and moment coefficients.
In general, all the spoilers tested decreased the normal-force
loading over the span of the spoiler as was desired (fig. 14). The
effectiveness of the spoiler in producing a negative lift increment
tended to increase as the angle of attack was decreased or as the spoiler
moved rearward. Configurations A and B, having the most forward spoiler
locations, caused a decrease in the pitching moment, the decrease being
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greatest at the negative angles of attack. As the spoiler was moved
rearward, the pitching-moment increment becamepositive first at the
positive angles and then at all angles as the spoiler reached the
trailing edge (configuration I).
incremental ioadings.-in order to examine in more detail the load-
ings due to the spoilers, the incremental spanwise normal-force and
pitching-moment loadings are shown in figures 16 and 17. The most
obvious conclusion from these figures is that the spanwise-loading varia-
tions due to the spoilers are very erratic. From the discussion of the
press_ure distributions due to the spoiler, the importance of the relative
location of the spoiler to corners of the airfoil section was shown.
Also, although the independence of the pressure distribution downstream
of the spoiler with the location of the wing trailing edge was shown,
when the pressure distributions are integrated the relative location of
the spoiler with the wing trailing edge becomes important because the
integration ends at the trailing edge, whereas the reattachment of the
flow may not be completed at this point. These relative locations of the
spoiler to the corners or tothe trailing edge vary across the span for
most of the configurations tested in the present tests. It appears that
a greater number of spanwise stations would be necessary to isolate the
reasons for the local variations_ particularly in view of the inherent
scatter caused by the integration procedure used herein.
Despite the problems just mentioned, the variation of the incre-
mental loadings due to the spoiler with angle of attack in figure 18
tend to show very consistent trends. The swept-spoiler configuration A
shows greatest lifting effectiveness at an angle of attack of 0° and
decreasing effectiveness as _ increases positively or negatively'. The
pitching moment decreases uniformly across the span as _ increases.
The full-span unswept configurations generally show a decided decrease
in incremental normal force and pitching moment with increasing angle of
attack and the greatest change occurs for the inboard stations. The
partial-span configurations D and E show reversals in normal force and
changes in sign in pitching moment at the stations beyond the spoiler
tips due to the aforementioned sweepback of the spoiler high- and low-
pressure regions and the consequent movement of the low-pressure region
off the wing. Note that, at negative angles of attack, considerable
normal-force loading remains at these stations beyond the spoiler tips.
Integrated Coefficients
Total coefficients.- The variations of lift, bending-moment, and
pitching-moment coefficients with angle of attack for the test configura-
tions with and without the spoilers are presented in figure 19. These
were determined from integrations of the spanwise loading plots of fig-
ures l& and lS. The variations of all the coefficients with angle of
14 NACARML56E22
attack are smoothand the coefficients increase with angle of attack
throughout the test range. The change in lift and bending momentspro-
duced by the spoilers is approximately constant for all the full-span
spoilers tested. The change in pitching momentis greatest for con-
figurations A and I, which are the two configurations most distant from
the selected momentcenter at the midchord of the meanaerodynamic chord.
Incremental coefficients.- In order to examine in more detail the
effect of configuration changes on the spoiler effectiveness in producing
lift_ bending moment (rolling moment), or pitching moment, the incre-
mental coefficients due to the spoilers are compared in figures 20 to 25.
From the configurations tested, it is impossible to isolate the effect
of spoiler sweep_ however_ figure 20 shows a comparison of configu-
rations A and B for which the sweeps are different whereas the average
chordwise locations are as near as possible. At negative angles of
attack, the late reattachment of the flow downstream of the swept
spoiler (see fig. 3) causes a large loss in lift and bending-moment
effectiveness. The more negative pitching-moment increment due to the
swept spoiler is primarily due to its more forward location. This effect
is emphasized in figure 21 where rearward movement of the spoiler is the
only variable. In this range of chordwise locations, only small varia-
tions in lift and bending moment occur, whereas sizable changes in
pitching moment result.
Further rearward movement of the spoiler to the trailing edge would
increase the incremental lift and bending moment and cause reversals in
the pitching-moment increment. (Note the effectiveness of the 2-percent
mean-aerodynamic-chord spoiler at the wing trailing edge, fig. 19(i).)
The favorable effect of rearward spoiler location on the lift or rolling-
moment effectiveness has been shown previously in references 6, 8, ll,
and 12.
Reduction of the span from i00- to 58- to 48-percent semispan
(fig. 22) caused continuous decreases in the incremental lift, bending
moment_ and pitching moment except for the pitching moment at positive
control deflections. Comparison of the 5-percent mean-aerodynamic-chord-
height spoiler to the 5-percent-local-chord-height spoiler (fig. 23)
showed negligible change in the spoiler incremental force and moment
coefficients. It should be remembered that, if this comparison had been
made on partial-span inboard or outboard spoilers, one or the other would
have been superior depending on the spanwise location, because of the
local variations with height shown in the pressure-distribution section.
Increasing the gap behind the spoiler (fig. 24) increased the incremental
spoiler lift and bending moment at all angles of attack and made the
pitching moments more positive at the positive angles of attack. These
changes are a result of the reduction in positive lift downstream of the
spoiler due to increasing thegap size. Finally, increasing the Mach
number (fig. 25) caused a _decrease in the incremental spoiler lift,
bending moment, and pitchingmoment at the negative angles of attack.
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CONCLUSIONS
An investigation has been madeat Machnumbersof 1.61 and 2.01 to
examine the characteristics of several spoiler-type controls on a trape-
zoidal wing. From an analysis of the chordwise pressure distributions,
spanwise loadings, and integrated coefficients, the following conclusions
maybe made.
i. The incremental pressure distributions due to the spoiler were
in excellent agreement with previous flat-plate results as long as the
spoiler was not located too close to a break in the wing surface or to
the wing tip.
2. The effect of angle of attack on the pressures measured ahead
of the spoiler could be predicted fairly well by a pressure-rise cor-
relation. Angle of attack had little effect on the pressures measured
downstream of the spoiler.
5- Deflecting a full-span trailing-edge flap-type control behind a
full-span spoiler had no effect on the pressures measured ahead of the
spoiler but had a large effect on the pressures behindthe spoiler,
particularly when the control deflection was toward the spoiler.
4. In general, the spanwise loading due to the full-span spoilers
was dependent upon the relative location of the spoilers to the corners
in the wing section and to the wing trailing edge. Beyond the tips of
the partial-span spoilers, a carryover of normal force due to the spoil-
ers was evident and the pitching moment due to the spoilers became more
positive because of the rearward influence of the spoiler pressures and
the consequent movement of the negative pressures from behind the spoiler
off the wing.
5. The effectiveness of the spoiler in reducing wing lift and
bending moment was generally increased by rearward movement of the
spoiler, increasing the spoiler span, increasing the gap behind the
spoiler, or, at negative angles of attack, by decreasing the Mach
number.
6. The incremental pitching moments due to the spoiler generally
became more negative with forward movement of the spoiler or by
decreasing the gap behind the spoiler, and, at negative angles of
attack, by increasing the spoiler span or decreasing the Mach number.
Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 2, 1956.
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TABLE 1
CHORDWISE LOCATIONS OF ORIFICES
IN FRACTIONS OF cE FROM APEX
_tation spanwise locations shown in fig. 1]
Orifice number Stations
Upper Lower i 3 4 7 8
surface surface
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Toble 2
Wing-surfoce Pressure Coefficients
Configurotion A M= 1.61 R=3.6 x I0 =
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Toble 2 continued
Wing-surfoce Pressure Coefficients
ConfigurotionA M= 1.61 R=36 x 106
:>rifI stal I sta 2 I S,o3 I S,o4 t st,,5 I 6 I st( 7 I st= 8 bri,







































































































































































































































































































































































































































ConficjurotionA M= 1,61 R:3•6 x I0'
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rab_ 2 eoeh_ed-
Wlr_-mxfoce _
ConfigurotionA M= 1.61 R=3.6 x 106
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Z)rif St(z I I Sto• 2
Toble 2 concluded
Wing-surfoce Pressure Coefficients
ConfigurotionA M=1.61 R=5.6 x 106


















































































































































































































































































































































































































































































Configurotioc B M= 1•61 R=3.6 x I0 e

















































































































































































































































































Configuration B M= 1.61 R=3•6 x lOS
sto•3 I so. 4 l_o•51s_.el s,= T I s,=8 lo,if.

































































































































































































































































Configuration B M= 1.61 R=3.6 x I06
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Configuration B M= 1.61 R=3.6 x I0 s
too.3 I  o•4 1 o•51s 61
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Configurotion B M= 1.61 R=3.6 x I0*
sto.3 I sto.4 1 o. 51s .61
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.236 .256
- .154 - .185
.076 - •129
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.017 - .048
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Configurotion C M= 1.61 R=3.6 x 106
I s,o. 2 I s,o. 3 I s,o.4 I s,o.5 I s,_s I s,=7 I s,o. 8io,_{
a=Oo 8=0 o /
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Toble 4 continued
Wing-surface Pressure Coefficients
Configuration C M= 1.61 R=3.6 x 106
3rif. I Sto. I I Sto, 2 I st.,.3 I s,o.4 I st,,.5 I sto.6 I s, .7 I 8 10,t

























































































































































































































































































































































































































































































































































































































































































































































































































Configuration C M= 1.61 R23.6 x 106
:)rif.I stCt I sto.2 I Sto.3 I Sto.4 I Sto.5 I sto.6 I T I st=8 }Ori( 


























































































































































































































































































































































































































































Configuration C M= 1.61 R=3.6 x IOs
33
Orif. I St_l I Sta. 2 I s,_3 I s,o.4 I s,o.5 I s,o.6 I s,_7 I st_ 8 Io.,
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Table 4 continued
Wing-surface Pressure Coefficients
Configuration C M= 1.61 R=3.6 x IOs
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l Sta. 3 T Sta. 4
4 continued
Pressure Coefficients
M= 161 R=36 x 106






























































































































































































































































































































































































Configuration C M= 1.61 R=3.6 x I0 e
:3rif.I S,o.I I St,,.2 I St,,.3 I S,o.4 I s,o.5 I st,,.6
a = -6 ° 8= 20 °









































































































































































































































































































































































































































































































Configuration C M= 1.61 R=3.6 x I06
I s,o.2 I s, 3 I s,o.4 I s,o.5 l s, 6 I s, 7 I 81o,  
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Tdole 4 continued
Wing-surface Pressure Coefficients
Configuration C M= 1.61 R=3.6 x 106
s,0, s,0 2 J s, 3 L s,04 ] s,05 L s,06 J s,0 Is,0 e

















































































































































































































































































































































































































































Configuration C M= 1.61 R=3.6 x I0 6
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Toble 5
Wing-surfoce Pressure Coefficients
Configurotion D M= 1.61 R=3.6 x 10 6
I s, 3 I s,o.4 I s,o.5 I s,o.6 t s, -r I s,o. 81o,,




































































































































































































































































































































































































































































Configurotion D M: 161 R=36 x I06
Drif. I Sto. I I Sto, 2 I sto. 3 I sto.4 I s,o.s I sty6 I s,o. 7 I s,o. 8 Io,_.
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Configuration D M= 1.61 R=3.6 x I0 e
Sta, 2 [ s, 3 _[ s,o.4 s,o.5 1 s,o.6 L s, 7 [sto.
































































































































































































































































































































































































Configuration D M= 1.61 R=3.6 x I0 e
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Configuration £ M= 161 R:36 x I0 e
I s,o.3 I Sta.4 I S,o.5 I Sta.6 I Sta.7 I Sta.S lOri,
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Sta. I ] Sta, 2
Toble 6 continued
Wing-surface Pressure Coefficients
Configuration E M= 1.61 R=3.6 x I0 e












































































































































































































































































































































































































































































































































Configuration E M= 1.61 R:3.6 x IOs
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Toble 6 concluded
Wing-surface Pressure Coefficients
Configuration E M= 1.61 R=3.6 x I0 6
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Drif.J Sta I I Sto, 2
Toble 7
Wing-surface Pressure Coefficients
Configurotion F M= 1.61 R=3•6 x I0 m
,[ s,_3 I s,o•4 I s_•5 t s_6 I St_ 7 I St_ 8 IOdt


































































































































































































































































































































































































































)rif I St,, I Sto 2
Tobte 7 co.tinued
Wing-swfoce Pressure _icient$
ConfigurationF M= 1.61 R=t6 x I0 =
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Toble 7 continued
Wins-surface Pressure Coefficients
Configuration F M= 161 R=3.6 x I0 =
.3rif.I Sto. I I Stm. 2 I Sto. 3 I Sta. 4 [ Sto. 5 t Sto. 6 I Sto. 7 I Sto. 8 _Dri!
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ConfigurotionF M= 161 R=3.6 x 106
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Table 8
Wing-surface Pressure Coefficients
Configuration G M= 161 R=&6 x I0 s
Orif.I Sis.I I Ste.2 I 3 I Sto.4 I S,o5 t S*oe I S,o.7 t 8



























































































































































































































































































































































































































































































































Configuration G M= 1.61 R=3.6 x 106
Sto.2 [ Sto.3 ] Sto.4 [ S,o.5 ]. Sto.6 [ Sto.
== 9 ° 8=0 o
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Toble 8 continued
Wing-surface Pressure Coefficients
Configuration G M= 161 R=36 x IOs
3rif.I Sto.I I Sto.2 I Ste.3 I S,o.4 I S,o.5 I Sto.e I Sto.7 I Sto. 8 _Ori,
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Toble 8 concluded
Wing-surface Pressure Coefficients
Configuration G M= 1.61 R=36 x 106
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Configuration H M= 1.61 R=3.6 x I0 e
I Sta 3 I Sta 4
a=O




































































































































































































































































































































































































Configurotion H M= 1.6l R=3.6 x tO6
I s,o.3 l s,a.4 S,o. I S,o.6 I S,o.7 j
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Configuration H M= 1.61 R=3.6 x I0 e
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Configuration H M= 1.61 R=3.6 x IOs
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Table 9 concluded
Wing-surface Pressure Coefficients
Configur(,tion H M= 1.61 R=36 x 106
Orif.[ St(,. I I Sta, 2 I s,o. 3 I st(,.4 I sta.5 I st(,.6 I st(,.7 I sfo.8 IOri 






























































































































































































































































































































































































































Configurotion I M= 1.61 R=3.6 x 106
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Configuration ] M= 1.61 R=3.6 x I06
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Configuration I M= 1.61 R=3.6 x 106
3rif.I s:o., I 2 I 3 Is'o. 4 I 5 I s -S I 7 I s'o. 8
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Table I0 continued
Wing-surface Pressure Coefficients
Configurotion I M= 1.61 R=3.6 x 106
3"f.ls,=t I sto.2 [ sto.3 I s,o.4 I sto.5 I sto.6 I sto,7 I S,o.8 IOri!
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Configurotion I M: 1.61 R=3.6 x I0 s
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Configuration I M= IBI R=&6 x IOs











































































































































































































































































































































































































Configuroticm 1" M= 161 R=3.6 x 106
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Toble II
Wing-surface Pressure Coefficients
Configurotion C M= 2.01 R=3.6 x I06
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Toble I I continued
WirR-surface Pressure Coefficients
Confiourotion C M: 201 R=36 x IOs
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Toble I I continued
Winq-surface Pressure Coefficients
Configurotion C M= 201 R=&6 x 106
3rif.J Ste I 2 I 3 I s,o.4 I s o.5 I s,o.6 I 7 I sto. 8 bri|
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Toble I I concluded
Wing-surface Pressure Coefficients
Configuration C M= ?_OI R=36 x IOs
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(a) Spanwise variation 3 configuration G.
Figure 4.- Comparison of the incremental pressure distributions with pre-










-- Configuration3, ref 5
;i
.4 ' " "' -I o_
I
.8 I i









1.2 I , c I
ConfigurationB, station 4
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Configuration 13, station 7
(b) Effect of surface corners.
Figure 4.- Concluded.
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o ACp, corrIPresent tests
Cp
-- Configuration 3, mf 5
12
(a) Configuration C; M = 1.61.
Figure 6.- Correlation of spoiler pressure distributions at angles of




























































































(b) Configuration G; M = 1.61.
Figure 6.- Continued.
o Z_Cp,oorr_pmsen t tests
o" Cp /
Configuration 3, mf 5
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Configuration 3, ref 5
(c) Configuration C; M = 2.01.
Figure 6.- Concluded.
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cSta 7 Sta 8
Figure 7.- Effect of spoiler sweep on the upper-surface pressure distribu-
tions at stations 7 and 8. M = 1.61.
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a,d,g
(a) Configuration A; M = 1.61.
Figure 18.- Incremental section normal-force and pitching-moment-coeffi-
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(b) Configuration B; M = 1.61.
Figure 18.- Continued.
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(g) Configuration G; M = 1.61.
Figure 18.- Continued.
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(j) Conflguratlon C; M = 2.01.
12 16
Figure 18.- Concluded.
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a, deg
Figure 20.- Variation of the incremental llft, bending-moment, and
pitching-moment coefficients with angle of attack to show the effect
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Figure 21.- Variation of the incremental lift 3 bending-moment, and
pitching-moment coefficients with angle of attack to show the effect
fq
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Figure 22.- Variation of the incremental lift_ bending-moment, and
pitching-moment coefficients with angle of attack to show the effect
of reducing the spoiler span. M = 1.61.
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=, deg
Figure 23.- Variation of the incremental lift, bending-moment, and
pitching-moment coefficients with angle of attack for the 5-percent-
chord-height and the 5-percent mean-aerodynamlc-chord-height spoiler
configurations. M = 1.61.
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Figure 24.- Variation of the incremental lift, bending-moment, and
pitching-moment coefficients with angle of attack for the O.01-inch
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Figure 25.- Variation of the incremental lift, bending-moment, and
pitching-moment coefficients with angle of attack for configuration C
at the two test Mach numbers.
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